B ETWEEN 1938 and 1949 seven different unrelated inbred lines of
Duroc swine were developed by the Oklahoma Agricultural Experiment Station in cooperation with the Regional Swine Breeding Laboratory. In sixteen of the twenty-two farrowing seasons from the spring of 1939 through the fall of 1949, both inbred and two-line-cross litters were produced. In some seasons outbred Duroc and three-linecross litters were farrowed.
The purpose of the present study was to determine if selection within moderately inbred Duroc lines followed by crossing of these lines resulted in improved performance. If so, its manner of expression and the time at which it was first evident were to be investigated.
Source of Data and Method of Analysis
Line 3 is the only line regularly represented throughout the period covered by this study. The average inbreeding for the line rose from almost zero in 1939 to approximately 25 percent in 1949. Line 1 was the most highly inbred line (approximately 37~'c) used in the study; and, contrasted with other lines, the average inbreeding of this line did not vary greatly from season to season. Because of the high mortality and slow growth of the inbred pigs, this line was discarded in 1946. All other lines were less than 20 percent inbred during the time they were in the line-crossing tests. Except for line 7, which was formed by crossing lines 1 and 6, none of the lines were related. Line 7 was never crossed with either of the two parent lines as they were discontinued before line 7 was used in crosses.
The rations and systems of management have changed slightly from season to season, but the various lines and crosses received comparable treatment within the same season. No serious outbreaks of disease occurred during any of the seasons included in this study. Since rotation of pastures proved inadequate for the control of internal parasites, routine treatment for roundworms was practiced during the last five years.
Birth and 56-day records were included for 444 litters; 21-and 180-day records were available for 371 litters of these. In 1949 the recording of 21-day weights was discontinued, and the 180-day records were not included because the pigs in all litters were not fed under the same conditions from weaning to 180 days. Litter weights and number of live pigs per litter at birth, 21, 56, and 180 days were the items considered when comparing the performance of various lines and crosses.
A preliminary analysis of the data revealed that the dams of the inbred litters averaged approximately four months older than the dams of non-inbred litters. This was because a higher proportion of older sows was bred to produce inbred litters than non-inbred litters. In order to minimize this source of bias, a set of correction factors was computed from the data. All sow litters were corrected to a gilt equivalent age, using the factors which are given in table 1. These factors were obtained by computing the weighted mean differences between the gilt litters and those from the sows of the various age groups. Comparisons were confined to those which occurred within the same season. A separate set of factors was obtained for sows raising inbred and non-inbred litters in order to avoid confounding age of dam with breeding of the litter. Although the differences were somewhat larger between the age groups when sows and gilts were.producing inbred litters than when they were producing non-inbred litters, the two groups of data were pooled to obtain the factors used in this study. If the use of these factors was a source of error, the bias was relatively small and in favor of the inbred litters. Some of the important sources of variation which may have affected litter weight and number of pigs per litter, other than the breeding of the litter and age of the dam, were: (1) seasonal fluctuation in environment and changes in management from season to season, (2) differ-ences in maternal abilities which may be characteristic of different lines, and (3) differences in the coefficients of inbreeding among sows of the same line. The analysis was restricted to comparisons within the same season. This restriction automatically reduced the mean differences in the coefficients of inbreeding among the sows of the same line.
There were unequal numbers of litters in the various breeding groups and seasons. Dickerson (1946) used a method suggested by Yates (1934) on similar data at the Iowa Station and suggested its use in the present investigation. This procedure weights the mean differences in proportion to the reciprocal of the variance. 
Results
The study was divided into five different comparisons, each producing information of a different nature. Although some of the litters were used in more than one comparison, it was not felt that conclusions drawn would be affected. The results of each comparison will be presented separately. 
Comparison I. Two-line Crosses Versus lnbreds Within Line o] Dam
The intraseason weighted mean differences between inbred litters and two-line-cross litters with the same line of dam were computed for each of the items studied. This comparison gives an estimate of the effect of the heterozygosity of the pigs on litter performance when line and inbreeding of the dams are the same. There were 144 inbred litters and 120 two-line-cross litters in 14 seasons. The distribution of these litters by season and line of dam is presented in table 2. The advantage of the two-line-cross litters over the inbred litters with the same line of dam is given in table 3.
The inbred pigs were inbred approximately 22 percent, while the two-line-cross litters were not inbred. There was no difference in the average inbreeding of the dams of the two groups of pigs. The twoline-cross litters were heavier at birth, 21, 56, and 180 days by 1.22, 7.42, 23.5, and 180.9 pounds respectively. At the same ages the twoline-cross litters contained 0.43, 0.76, 0.85, and 1.08 more live pigs than the inbred litters. These weighted mean differences were then figure 1 . This figure reiterates that the differences in litter weights were due largely to the increased viability of the two-line-cross pigs. During twelve of the seasons, two-line-cross and inbred pigs within the same line of dam were placed on record of performance tests shortly after weaning. Usually, four pigs from each litter tested were fed a standard ration in dry lot from weaning to approximately 225 pounds weight. The distribution of the 49 two-line-cross and 52 inbred litters by line of dam and season is given in table 2. There was no difference in the average initial weights of the two groups of test pigs nor the average inbreeding of their dams. The two-line-cross pigs gained 0.03 of a pound per day more rapidly than did their inbred counterparts. They required six pounds less feed per 100 pounds of gain than did the inbreds. These differences were not significant at the commonly accepted level of probability. However, the increased rate of gain found here checked closely with the increased litter performance in Comparison I, after the increased number of pigs per litter had been considered. Dickerson and others (1946) at the Iowa Station, studied the differences between two-line-cross litters and inbred litters by the same boar in the Poland China breed. The differences were expressed as decline per I0 percent inbreeding of the litter. This decline amounted to 0.26, 0.35, 0.37, and 0.39 of a pig per litter at birth, 21, 56, and 154 days. When comparable figures were obtained for the same items in Comparison I of the present investigation, the decline amounted to 0.27, 0.35, 0.39, and 0.49 of a pig per litter at birth, 21, 56, and 180 days for each I0 percent inbreeding of the litter. Differences in litter weights were also in close agreement at the two stations. The Iowa workers also fed out a sample of their two-line-cross and inbred pigs from 84 days to a final weight of 225 pounds. When the differences between the two groups were adjusted to zero difference in initial weight and total gain, the advantage of the two-line-cross pigs was only 0.03 of a pound per day in rate of gain. They found no evidence of a difference in efficiency of gain.
Comparison II. Two-line Crosses Versus the Average Per]ormance o] the Two Parental Inbred Lines
There were ten seasons in which two-line-cross litters and inbred litters of both the parental lines were produced. There were 76 twoline-cross litters and 127 inbred litters. The weighted mean differences within season for the number of pigs per litter and for total litter weights at the four ages are given in table 3. The differences in favor of the two-line-cross litters were somewhat greater in this comparison than in Comparison I. However, the mean performance of the inbred litters (table 4) was lower in Comparison II than in Comparison I, because the more highly inbred lines were used more frequently in the crosses as the sire than as the dam. All of the two-line-cross litters and part of the inbred litters in Comparison II had been included in Comparison I. It was again noted that the advantage of two-line-cross litters increased with the age of the pigs. Between 70 and 80 percent of the increased litter weight at the different ages could be attributed to an increased number of live pigs per litter.
Comparison III. Three-line Crosses Versus Two-line Crosses
Some of the two-line-cross gilts were bred to an inbred boar of another line and produced litters designated as three-line-cross litters. During five seasons, 24 three-line-cross litters occurred together with 74 two-line-cross litters. A direct comparison of the two groups gave an estimate of the effect of the heterozygosity of the dam in combination with that of the litter. Neither of the groups of pigs was inbred, but the two-line-cross litters were farrowed and nursed by sows which were inbred approximately 24 percent. The three-line-cross litters were farrowed and nursed by two-line-cross sows and benefited from any heterosis expressed in the form of increased productivity of the dam. The weighted mean differences in number of pigs per litter and in litter weights at all ages (table 3) were quite large and very consistent from season to season in favor of three-line-cross litters.
In litter weight the three-line crosses exceeded the two-line crosses by 2.9 pounds at birth, 9.6 pounds at 21 days, 29.7 pounds at 56 days and 298 pounds at 180 days. Their advantage in number of live pigs per litter at the same ages was 1.36, 1.15, 1.20, and 1.66. When these differences were converted to percentage increases (table 4) over the mean performance of the two-line-cross litters, a striking difference between these results and those from the two preceding comparisons became apparent. This is shown in figure 2 . At birth, 21 days, and 56 days the three-line-cross litters showed a greater proportional advantage in number of live pigs per litter than in litter weight. At 180 days, however, a 29 percent increase in number of live pigs per litter was associated with a 34 percent increase in litter weight. Apparently the larger number of live pigs per litter in the three-line-cross litters had been great enough to reduce the pre-weaning growth rate of the individual pig below that of pigs in two-line-cross litters in which there were fewer pigs. The fact that they gained more rapidly between weaning and 180 days of age indicates that the three-linecross pigs had the ability to gain as rapidly as two-line crosses, but that their pre-weaning environment was not optimum for maximum growth. The superiority of the three-line-cross litters at this station in litter size and weight was similar to that of three-breed crosses reported by Winters et al. (1935) , Lush and co-workers (1939) and by Robison (1948) .
Comparison IV. Three-line Crosses Versus Outbred Durocs
During three seasons, three-line-cross litters occurred together with outbred Duroc litters. Since only 23 three-line-cross litters and 14 outbred Duroc litters were involved, conclusions drawn must be tentative. However, the differences are given in table 3; and with the other comparisons, this one adds information which is needed in arriving at methods for the use of inbred lines.
In Comparison IV neither the litters nor their dams were inbred. The sires of the three-line crosses were from moderately inbred lines~ The outbred litters were sired by non-inbred boars. The differences were again in favor of the three-line-cross litters. The magnitude of the differences was roughly the same as the advantage of three-line crosses over two:line-cross litters in Comparison III. The increased number of live pigs again was greater than the increased litter weights at birth, 21, and 56 days of age (table 4). At 180 days there were not only more live pigs per litter but the individuals had gained at a faster rate. Therefore, the three-line-cross litters were nearly 350 pounds heavier than outbred litters at six months of age. The differences in Comparisons III and IV may be larger than would have been obtained if all the possible three-line crosses had been made. They do indicate, however, that selected lines may be used in crosses to raise the level of performance of swine in certain economically important traits.
Comparison V. Two-line Crosses Versus Outbred Durocs
Ninety-five two-line-cross and 31 outbred Duroc litters were produced during seven of the seasons so that they could be compared 9 lirectly. The weighted mean differences, although very inconsistent from season to season, were slightly in favor of the outbred Duroc litters (table 3) . Analysis of the data indicated no more than sampling variations between the two groups at all ages, both for number of pigs per litter and for total litter weight. The mean differences between the two groups in this case became smaller as the age of the pigs increased. There was even some indication that the two-line-cross pigs were gaining more rapidly after weaning than the outbreds. At weaning the two-line-cross litters contained 4 percent fewer pigs and weighed 8 percent less than outbred litters (table 4); at 180 days these two-line-cross litters contained 6 percent fewer pigs and weighed 2 percent less than the outbred controls.
Summary
The litter weights and number of live pigs per litter for 371 litters of Duroc swine at birth, 21, 56, and 180 days of age were studied. The same items were studied on 73 additional litters at birth and 56 days. All litters were farrowed at the Oklahoma Agricultural Experiment Station during the period from 1939 to 1949 inclusive. The study included inbred litters from seven different lines, as well as two-line-cross, three-line-cross, and outbred Duroc litters. Intra-season weighted mean differences were obtained for number of pigs per litter and litter weights at birth, 21, 56, and 180 days for five different comparisons.
The"comparisons made were: I, two-line-cross litters with inbred litters within line of dam; II, two-line-cross litters with the average of the two parental inbred lines; III, three-line-cross litters with two-line-cross litters; IV, three-line-cross litters with outbred Duroc litters; V, two-line crosses with outbred Durocs. The data on litters produced by sows over one year of age were corrected to a giltequivalent age.
Hybrid vigor was evident both in number of pigs per litter and litter weights at birth, and increased as the litters became less dependent upon the direct mothering ability of the dams.
This vigor was expressed to a greater extent in the increased viability of the pigs and productivity of two-line-cross gilts than in the increased growth rate of the individual pigs.
There was no significant difference in the performance of two-linecross litters raised by inbred sows and the performance of outbred Duroc litters which were produced in the same season.
Three-line-cross litters, raised by two-line-cross dams and sired by inbred boars of a third line, were superior to both two-line-cross and outbred Duroc litters with which they were compared. The differences were not statistically significant for all items.
Increased number of pigs per litter in most cases was sufficient to account for a large percentage of the increase in total litter weight.
When initial weights of the pigs were the same, advantages of twoline-cross pigs over inbreds with the same line of dam in post-weaning rate of gain and efficiency of gain were relatively small and inconsistent.
Because heterosis was expressed in both number of pigs which survived and the growth rate of the individual, total weight of the litter seems to be the one best over all measure of performance for comparison of lines or crosses.
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